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MONTHLY MEAN HEIGHT
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TABLE 2.1

VERSUS

PRESSURE LEVELS ABOVE

International Falls, Minnesota

(Elevation 360 meters).

Period of

Record Jan 1945-Dec 1955

.

JAN

°713
131
541
o4l
1383
1843
342
_2!57
yale
4003
4041
3322
00069
667s

1712

8780

°03)
3113900
32259
13260
14461
13902
11307
19347

2031>

*Geopotential height, measured in geopotential
virtually identical to geometric height.

a Pressure in millions

9
®
7
1
5
5

FES
(3 28 713
T oisse 139
34 543
960 o066
© 1387 1807
31881 1874
23%9 2371
2876 2805
339 3663°
4025 4050
604 4693
3346 5379
8003 6132
6903 ©PL2
7802 1844
Aheaxx? ‘ncs‘A
o984 10028
11416 © 11459
12276 ® 12317
13281 @ 113%™y
14451 B 14519
15BB3 7 15942
J17293 6 17341
19120 5 19177
20328 5 20344
21779

A
po

MAR -

-

APR

oT2

127

545

o882
1440
1v22
2436
2988
3540
4149
AHOS
5504
6269
Too4

8011

- 9039

10220
13641
12497
13487
la059
16005
11517
19333
20500

23930

AVERAGE HEIGHT G.P.M.*

Ay

1
114

92
1481
1953
2477
3020
3007
4222
4889
5602
6380
222
8155
9198

10398
11829
126%6
13600
14828
16280
17098
19527
2007
22104

23954

Sum EL S
(31 v
(14 m
£33 558
094 1019
1473 1504
1978 2013
2509 2554
3062 3138
3659 3710
4287 4353
° ap88 8039
5093 5715
6488 6578
7348 T447
8300 8408
. 9363 vaB6
10581 o715
izoxv 312169
12874 13026
13800 ‘14006
15028 15166
16459 © 16572
17862 7 17990
19716 © 19823
20879 6 20vev
22335 & 22431
24104 &

24330

"% SEP
o ©12
12 121
567 556
1027 1008
1510 ic80
2017 1077
2556 2508
3118 3058
e 3851
84353 4277
33 ¥ ] “©0582
5771 5676
6578 o408
7430 7322
8390 8270
2472 9330
10696 10542
32147 | 11983
23002 ' 12838
13989 13825 ®
15143 14961 8
16543 © 16}75 ]
17954 6 17782 5
19792 5 10517 o
209606 5 29103 5
226413 5 22219 3
2:388 S 24063 5

or2
126
581
°0)
1489
150
2872
3016
3603
4221
4BBB
560)
6385
J227
81064
-921)
10418
11854
12107
13080
14814
182)8
17018
19428
205713
21983

23812

s71 ®
“ane 6

532 9

956 §
1405 §
1870 9
2387 §®
2014 ©
3487 ¥
4085 ©

4735 -9

9
6104 ©
7016
020
BES7

10145

®
14
]
®
11587 ¢
32443 9
13413 8
14882 7
15093 &
17408 ©
1922¢ ©
20369 6

21792 4

meters (G.P.M.),

OEC

s
14
$40
051
1380
1856
2358
2874
34639
4027
669
5335
6105

0917

1218
8829
10003
11432
12298

.13201

14473

15889
17324
19106
20336

21740
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Extreme heights and Standard Deviation of heights versus Pressure

Table 2.2

Levels above International Falls, Minnesota (elevation 360 meters).
Period of Record Jan. 1945-Dec. 1955.

Extreme Heights %

Pressure
Level (mb) Jan ren M APR MY e Jw AUG SEP oct wov ez
950 sux 710 T30 780 700 Ti0 640 68D 680 730 710 T10 710
nin 383 360 350 330 230 390 390 410 370 300 310 280
630 Max 1398 1979 1830 1938 1369 1595 1817 1809 1638 1594 1392 1551
KIN 1193 1230 1218 1238 1139 1321 1337 1333 1284 1216 1191 1142
700 wAX 3091 307y 3110 3168 3187 3196 3221 3229 3248 3182 3140 3042
MIN 2640 2691 769s 2172 26599 2888 2061 29%4 27197 2770 - 2897 2068
400 MAx 5389 L3 1Y 5673 3818 £ 3.33 ] [3.%2) 3037 S9a% 5923 37ca 57132 s618
MIN  agse8 5078 5938 3377 827y 5440 5559 s%2% 5372 52386 5117 3074
300 Max 143 9232 9274 Qa9y 9578 Qnes 97130 R AN 96AB $50) 0409 9212
MiW B304 8449 Bass B8543 8698 8964 9103 LS098 BBS A 388y 8499 8408
700 wax 11728 11779 11986 12139 12224 1237y 12483 12%80 12387 12160 12039 11817
MiN 11037 11099 11068 11138 11425 11878 11793 11738 11577 11360 11161 11048
150 Max 13580 13568 13714 "7 13876 14011 14158 14267 1A4A2 14179 13051 13740 13638
MIN 12957 17044 12936 13014 13413 13382 13678 13652 13465 1323 13083 12900
100 ™Ax 16211 181R0 16258 16 16531 16650 16757 18700 16883 18408 16252 167248
MIN 15478 15526 1564) 195436 16070 18199 16331 16379 18102 15891 13680 15499

STANDARD DEVIATIONS OF HEIGHTI

JAN rEp MAR APR Ay I Ju AUG SEP ocr NOV 144
°30 T2 69 e9 ss 6 82 43 13 a2 64 78 T4
830 82 LYY a5 se %6 30 42 Al -3 61 T4 88
100 1] k2] T8 k3 Jo 55 S0 a9 ™ hal st k)
300 107 120 118 116 107 8 s T4 11 123 b3 112
300 193 167 170 17 1%¢ 122 120 122 189 181 150 164
200 37 141 151 138 182 129 138 143 1671 17a 178 1%
130 132 130 140 ‘ 132 11y i 118 119 143 193 139 147
100 Ty 132 114 118 9 LT} o1 1 11% 130 112 150

*Geopotential height, measured in geopotential meters (G.P.M.), is
virtually identical to geometric height.



Table 3.1

Monthly Averages of percent of possible sunshine and cloudiness, for the Copper-Nickel Study Area
Month

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV  DEC

Percent

possible sunshine ’ 46 57 59 53 55 58 67 61 50 42 33 40

% of sky clear Hr. 32 37 33 31 32 34 42 39 31 31 20 23
! at 00 36 38 34 34 40 42 51 51 40 36 25 27
" at 06 31 40 38 35 33 29 41 4 31 37 27 24
" at 12 26 27 28 26 26 30 38 34 26 27 11 15
" at 18 34 33 31 31 28 30 40 38 27 26 17 23

% of sky overcast 68 63 67 69 68 66 58 61 69 69 80 77
" at 00 64 62 66 66 60 58 49 49 60 64 75 73
" at 06 69 60 62 65 67 71 59 65 69 63 73 76
. at 12 74 73 72 74 74 70 62 66 74 73 89 85

" at 18 66 66 69 69 72 70 60 62 73 74 83 77



Table 4.1

Monthly mean, Mean minimum and Mean maximum temperatures for the Copper-Nickel Region sites.

Ccy - ’

JANUARY FEBRUARY MARCH APRIL MAY JUNE Jury AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER

SEAN [X-MAX [R-MIN | MEAN [X-MAX [F-MIN | MEAN [R-MAX {R-MIN | MEAN [R-MAX [R-MIN | MEAN [X-MAX [R-MIN [ MEAN R-MAX F-MIN]MEan [KCMAX [R_MTN | MEAN [K-MAX -MIN | MEAN [Ko MK K-HIN | MEAN R-MAX -MIN | MEAN [X-HAX J-MIN | MEAN [R-HAX Jo-MIN

DULUTH AIRPORT {{-12.2f -7.1 }-17.3]-11.2] 6.3 t-16.1} ~-4.5! 0.1} -9.2} 2.0] 6.4} -2.5} 8.1§{13.3| 3.0| 12.317.7] 6.8] 16.7) 231§ 10.3]15.9} 22.2| 9.6| 14.0] 18.2] 9.8] 7.6 1i.7| 3.4|-1.3} 2.8f-5.4]-8.1)-2.7F12.5

BEAVER BAY ||-11.94 -6.8 }17.0-11.3} 6.4 F16.2f -4.8| ~0.2} -9.5| 2.2 6.7} -2.2) 9.0f 13.9] 4.1 }12.8] 17.5| 6.0] 15.8] 21.7} 10.0] 15.6| 20.9} 10.2] 12.4| 169 | s.0] 2.1)11.2] 30| -t.9f 2.4}-5.8] 7.7|-32fF02.2

CRAND MARALS |1-11.7} -6.6 1-16.8{-11.3f -6.4 }-16.21 -5.0] ~0.4} -9.7} 2.6{ 7.1] -1.8] 9.5} t4.3] 4.6 [11.5{ 17.4] 5.5] 15.5}) 21.2] 9.9} 15.4720.2410.5) 12.1} 16.31 7.9] 6.9]11.0f 2.7{ -1.9{ 2.271-6.0{-07.4|-3.011.8

BRIMSCN [|~15.51-10.21-20.8]-13.4 | -7.9(-18.8| 6.4} -1.2{-11.6] 1.41 7.2] -6.5| B.7{ 45.1| 2.3112.2]19.4} 7.1} 17.0| 23.4] 10.6f 15.4] 20.8| 9.0 10.4| 16.7| 4.1} 4.1}110.2|-2.0}-4.8] 0.1{-9.912.3}-7.217.4

MEADOWLANDS {|-14.4} -9.1-19.7]-12.2] ~6.8}-17.7f -5.5] -0.3]-10.1 .41 9.2) -2.5) 10.9] 17.3] 4.5} 15.6] 21.0] 8.7] 18.8) 25.2) 12.4] 16.8] 23.21 10.9] 12.4f 18.7] 6.1} .5.8}111.9] -0.3] -2.7 “r.z] -s.6bro.af -saabascs

COTTON [§-14.7| -9.7 -20.0(~12.6| -7.2|-18.4] -5.6] -0.4(-10.2 2.8[ 8.6( ~3.1[ 10.0} 16.4 3.6 | 14.81 21.0f 8.7f 18.6] 25.0f 12.2| 16.7] 23.1] t0.8] 11.9{ 18.2 5.6 S.S[ 11.6| -0.6] ~4.1| 0.8} -9.0§-10.9] -5.3}-13.5

WHITEFACE RESERVOIR {[~15.1| -9.8}-20.4{-13.0] -7.9|-18.5| ~5.8] ~0.6]-10.4 2.5 8.3 -3.4 9.7] 16.1 3.3 1 14,41 20.6] B.3| 18.3% 24.5) 11.9] 16.4} 22.87 10.0].11.6} 17.9 5.3 $.271 11.3] -0.9] -4.3} 0.6 -9.2{-11.3] -6.2]-16.4

TSABELLA||-16.2]-10.91-21.5}-14.6} -9.1|-20.0] -7.0f{ -1.8]-12.2 0.7 6.5} ~5.2 7.6] 14.0 t.2)12.0f 18.1 5.8 15.8] 22.2 9.4} 14.0] 20.4 7.6 9.41 15.7 3.1 3.2 9.3} -2.9] -5.3] -0.4}-10.2}-12.8] -7.7}-12.9

MOYT LAKES |[-15.6[-10.3(-20.9[-13.6| -8.2}-19.1|-5.7 |-0.5 [~10:3]| 2.6{ 8.4} -3.3| 11.0} 17.4{ &.6| 15.8] 21.9| 9.6 18.3] 24.7| ¥1.9) 16.2} 22.6| 9.8] 11.6] 17.9| 5.3} S.0f 1.1} ~1.1| ~4.8| oO.1] -9.7]-11 9| ~6.8}-17.0

. BABBITT||-16.0(-10.7}-21.3)-14.0] ~8.6]-19.5] -5.5] -0.3]-10.3] 1.3{ 7.1§ -4.6] 9.7] 16.1 3.3 14.0) 20.1} 8.8 16.8) 23.2) 10.4) 14.5} 20.9} 8.1) 10.6] 16.9] 4.3} 3.6] 9.7§ -2.5} -5.3] -0.4]-10.2}-12.3} -7.2]-17.4

WINTON ([-15.2[ -9.9{-20.5{~13.6f -8.2|~19.1] -5.5] -0.3}~10.1 2.0 7.8{ -3.9] 10.1} 16.5¢ 3.7 15.2( 21.4} 9.3 18.5{ 24.9) 12.1{ t6.0f 22.4] 9.6f 11.3| 172.6 s.0] 4.5] 10.6] ~1.6} -S.0| -0.1| -9.9]{-12.0f -6.9{-17.1

TOWER|{~15.4}-10.1|-20.7]~13.2] -7.8}-18.7} ~S.6| -0.4}~-10.2 2.6 8.4] -3.3] 10.9] 17.3 4.5] 15.2 21.4 9.1 18.0{24.4 {11.6 15.5) 21.9 9.1] 1.0} 17.3 &.72] 4.9} 11.0] -1.2] -4.3 0.6} ~9.2)-12.4] ~7.3]-17.8

VIRGINIA}-15.4f-10.1}-20.7}-13.2] ~7.8]~18.7} -5.8 -0.6/-10.4! 2.4} 8.3} -3.4] 10.2f 16.6} 3.8} 15.2] 21.13 9.[1 18.1 24.5) 11.7] 15.74 22.t) 9.3] 1.3} 17.6} S.0f S5.0) Lt.17 ~1.1} -4.3) 0.6] -9.2}-11.4] -6.3}-16.3

MISBING AIRPORT{|-15.4]-10.1[-20.7f-13.3§ -7.9|-18B.8] -5.8] ~0.6{-11.0} 2.7 8.5 -3.0] 10.6} 17.0} 4.2} 15.4) 2t.6] 9.3 18.7| 25.1{ 12.3)16.5 122.9 10.1] 11.8] 18,1 5.5 $.0f 10,0} -1.1] -4.3] 0.6{-9.2 |-11.7] -6.6/-16.8

HIBBINGI|~15.4]-10.1[~20.7]-13.2] -7.2|-18.6] -5.8! -0.6{-11.0] 2.8 8.6 -3.1f 10.6] 17.0| 4.2} 15.2] 21.) 9.9 18.6] 25.0} 12.2} le.4] 22.8] 10.0| 11.8] 18.1] 5.5 $.0 J1t.1 }-1.1 ~4.) 0.4] ~9.4]-11.9] -6.8{~17.0

CELINA TWP.|[-15.1] ~9.8(-20.4{-12.8)} -7.4/-18.3] -4.3 0.9 -9.5| 3.0 6.8 -2.9] to.s 17.0f &.2{ 15.6] 20.7] 9.4 1g.3| 24.7) 11.9] 16.3] 22.7] 9.9 10.7] 17.0] 4.a] s.0f 11.1] <1.1] -4.3] ©0.6] -9.2]-11.9] -6.8]-17.0

CRANE LAKE || -15.9{-10.6|-21.2}-12.8] -7.4~18.3] -4.7] 0©.5] -9.9] 2.8 8.5 -3.2] 10.7{ 172.1| &.3] 15.6] 21.7} 9. 18.7] 25.1) 12.3] 16.4) 22.8] 10.0] 11.s5§ 17.8) s.2| 5.0} 1i.1} -] -4.5) 0.4] -9.4 -12.3| -7.2]-17.4




Table 4.2
Monthly Mean temperatures versus Pressure Levels above International
Falls, Minnesota (elevation 360 meters-mel). Period of Record,

January 1946-December 1955.

(o]

o)

AVERAGE TEWMPERATURE &

PRISSURE . JaN FEB Map APR HAY Jun U AUG. sep ocs v brc
. .

" src 6.1~ 12.8- LY 24 2.9 (T84 15.2 181 . 1645 11.0 9.9 3.9~ 1249~
°50 19,9+ 11.7- So P 4.0 10,8 18.3 ' 19.7 18.6 12.8 Toa 3.0~ 1242~
600  1a.2-  1Z.3- T49- 1.9 e.0, i 13.6  16.e C18.9 10.4 5.8 5.0- 1e8-
830 12,8~ 11.7- 9.3~ 1.1~ L.Qj 310.4 1¥e% 12.7 7.7 3.8 SeT- 10.8-
800 12.9- 12.1- 10,5~ 3.5~ 1.9 7.2 1045 0.9 5.3 1.8 [ 1=
150 a2 13.7- 12.1- 5.7~ %= 2 1.8 7.0 2.0 o6 8.6~ 1248~
700 18.3-  13.7-  2e.e- LXMW ) a5 3.8 .0 3.3-  11e0~  14.8-

. 650 18,0~ 18.4- 17.1- 11,5~ TeO~ 2.0— lel s 3.2~ 6.0 13.%- 17,6~
600 2242+ 21.7- 20,2- 1%.0~ 10.5- 5.5 2.7~ s.3- .9~ 10.1- 1649 20,7~
350 28.0- 25,5- 24.0- 19,1~ 187- 0.6~ TeO~ Teb- 10.9- 18.2- 20.0— Phab-

300 30.3~- 29,9~ 28,5~ 23,9~ 104~ LYY o 1la7~ 1243~ 18.6~ u.e-' 253~ 28,8~

450 35,3~ 34.8- . 33 6~ 29,2- 24,9~ 19.9- 17e1~ 17.7- 21.0- 793 B 305 34,0-
400 AD.9- 40,3~ 39.4- 35.3- 31.1- 26.0- 233~ 24.0- 27.2- 30,2~ 3643~ 39,6-
350 . 47.0- 46,2~ A5 5~ 41,9- 38,1~ 33,2~ 30.6- 3143~ 3443~ 37.0- 42.7- 45.0-
300 52,2~ 52,1~ 51.5— 48,9- a4 £1.1- 36,6~ 30,4 4241~ TS ™ 48,8~ LEYPT S
250 54,3~ LTS £ 58,5~ 54,5- $2.1- 49,6~ £6 9~ 48,0 40, 7=, S1e2~ 82.9— 5442~
200 32,4~ - 52,6~ 52,9~ 54,7~ 55,0 54,1 53,0~ 33,2~ ' 53.8- 5543 E3 Y5 53,0~
178 81 o%- 81,5~ 51,7~ 53,4 54,3 54,2 se.7- 5442~ LY 55,.0- $3.2- 52,6~
150 51.9- 1.7~ 51.7-  52.8- ;:.o- 53,9 8540 55,7~ 56.0- B0k 53.2- 52,0~
128 S3.0- 53,1~ 5241~ 53.1- YIS T 54,8~ 87e2- 57e2- 560 6= 5Tel~ 53,9- 83,1~
300 fphet- SaA. 4 53,8~ 54,2~ 5547~ 56e2- 872~ $7.0—  S6eb- 575~ 3448~ ShoO—
0 55.6- 550~ 54,7~ 55,9~ 6.2~ 55.9- 5640 56.1- 85,8~ 57,0~ 556~ Béeb-
[ 56,7- 57,6~ 56,0~ 6.3~ 55,7~ 54,5 S54.0- S54al- 5%.1- 574~ s6.0- 4.6~
80 57.2- 96,5~ 56,1~ 55,1~ S4a6~ 3,7~ S2e4~ 52.7~ 54.9- 5Ta2- 5Tab~ - Shed-
40 b $3.9- 34,8 33.6—  S1.9-  50.8-  50.0-  5640-  56.9—  SB.l-  S&.8-

S0 52,0~ 49,2~ ABobk— 4B, 9 52.1~ 351~




N

Jable 4.3

Monthly extreme temperatures (°C.) and standard deviation of temperature versus pressure level
(millibars) above International Falls, Minnesota (WBO elevation 360 meters). Period of
Record, Jan. 1946-Dec. 1955,

"~ Extreme Temperature

Month

Pressure  Jan Feb Mar  Apr May Jun Jul  Aug Sep QOct  Nov = Dec
950 Max 1 3 17 28 26 27 29 30 25 24 14 5
Min 34-  31- 28 18  71- 3 7 8 0 - 22-  31-

850 Max 10 5 13 20 19 20 21 24 23 21 12 8
Min 34-  30- 30  23- - 2= 1 0 7- 14 22 28-

700 Max - 1= 6 s M 13 15 1N 9 2
Min  33-  31-  30- 28- 19- 10-  7- 8- 18  23-  31-  32-
500 Max 18- 18-  15- 12-  .9- 6 3= 3=  7- 8 12- 16-
Min 45-  43-  42-  39-  35-  28-  22-  22- 31-  36- 41-  46-
300 Max M- 39-  43-  39-  36-  31-  30- 27- 31- 34~ 37-  40-
Min 61- 63~ 60- 61- 53- 53- 48  49- 54~  57-  58- 60~
200 Max 39-  39-  43-  40-  42- 38—  41-  41-  41-  39-  390-  40-
Min 68-  68- 70- 66- 67- 62- 62- 61-  62- 66- 68~  66-
© 150 Max 42-  41- 84~ 84~ 43— 44—  46-  47- 45— 44— 43—  4o-
Min 65-  62-  62- 68-  63-  65-  68-  65-  68-  65-  54-  65-
100 Max 48- 44~  47-  46-  45-  50-  50-  51- 48—  45-  47-  44-
7 Min 65-  64-  60-  60-  63-  65-  63-  65-  65- 64~ 63  7Ti-

Standard Deviation

950 7.6 7.4 7.1 7.0 6.6 4.5 4.0 4.0 5.3 6.3 7.0 7.3
350 7.7 . 7.4 7.3 7.2 6.4 4.6 4.0 4.6 6.1 7.2 7.4 7.2
700 6.5 6.3 6.4 6.0 5.3 4.2 4.0 4.1 5.6 6.4 6.5 6.5
500 5.5 5.5 5.5 5.2 4.8 3.8 3.5 3.5 4.5 5.3 5.8 5.5
300 3.5 3.5 2.9 3.6 3.5 3.7 3.7 3.7 3.7 3.6 3.4 . 3.4
200 5.3 5.9 5.2 5.9 6.0 4.7 3.9 3.6 4.7 5.2 5.5 5.5
150 4.0 4.2 3.4 4.1 4.2 4.2 4.2 3.9 4.6 4.2 4.1 4.2
100 3.1 4.2 3.0 3.2 2.9 3.1 3.2 3.2 3.3 3.4 3.5 3.7



Table 5.1 Monthly Fean Values of Relative Humidity for the Copper-Nickel Study Region
Period of Record, 1921-1976

(%)

JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC
HOUR
0600 79 79 80 78 77 84 89 89 91 89 86 81
1200 67 67 65 58 52 58 60 61 65 62 71 74
1800 68 67 64 57 50 56 59 61 67 65 75 76
2400 77 77 76 72 72 80 86 84 86 82 83 79
Mean 73 73 72 66 62 69 74 75 78 75 79 79
Mean Water
Vapor Pressure

(MB) 2.5 2.8 4.6 6.0 7.9 11.7 11.7 12.9 10.8 7.0 4.9 3.3

Dew Point (°C) -19 =18 -9 -4 4 8 12 10 7 -1 -8 -15




Table 5.2
Monthly mean relative humidity versus pressure 1eve1‘above
International Falls, Period of Record, 1946-1955.

Month

Pressure Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

77 75 70 65 66 73 79 83 82 16 81 78
asn 7. % 64 59 58 64 66 69 7 67 78 1al
Q00 73 7 65 60 59 63 ob 61 &7 64 76 73
830 66 ey 03 59 62 67 o8 67 63 60 65 68
06 L} Al 5P SR a:; °8 [T 81 61 56 63 80
70 58 A 54 55 SR 'Ys - 7 55 55 51 59 55
700 58 s 53 5 55 s8 50 "81 50 49 s6 51
asn 54 5? 52 52 5] 82 48 6 9 48 52 49
AOO 54 a1 50 81 48 48 43 . 41 47 'Y 49 " &
530 54 3) 50 Y &5 46 «0 39 v - «9 “B
%00 83 %0 o8 50 &2 «3 37 37 “1 3 “«8 48
«30 53 ey «9 «9 43 42 35 35 41 43 «3 4B

400 ‘82 $0 51 48 &3 - &2 38 3% &0 “3 &7 4“9




PR

Table 6.1
AVERAGE_MONTHLY PRECIPITATION FOR THE SITES INDICATED

(Millimeter Units)

—Month—
Site JAN FEB  MAR _"APR MAY JUN JuL AUG SEP ocT NOV_ DEC ANNUAL
Duluth Harbor 24,0 21.4 34.8 46.2 76.0 79.9 91.8 108.3 84.2 52.7 48.1 26.4 691.2
Duluth Airport 33.3 31.4 47,2 54.8 77.0 87.1 100.2 115.3 86.7 54.6 56.6 36.3 776.2
Two Harbors 28.6 17.3 42.9 43.4 88.2 8.9 91.2 98.8 92.9 54.6 52.0 34.3 729.5
Beaver Bay 54.8 35.1 51.6 67.6 63.8 69.6 80.8 75.9 82.6 49.3 30.7 36.1 697.7
Grand Marais 26.1 26.3 37.1 52.4 76.0 78.6 95.1 76.5 96.0 52.0 50.5 30.2 714.6
Island Lake 30.6 20.0 32.3 49.3 75.2 88.3 105.0 97.6 90.4 51.8 45.9 29.2 701.6
Brimson 26.5 23.5 42.9 55.7 70.2 90.6 96.0 99.9 87.9 53.9 47.8 32.3 726.9
MeadowLands 19.5 16.2 29.7 55.7 73.5 89.0 107.1 96.1 85.6 50.1 42.5 25.1 689.6
Cotton 20.0 15.9 28.2 52.6 75.0 88.5 104.1 101.4 80.8 52.4 45.0 26.2 689.6
Whiteface Reservoir 26.5 22.5 36.3 54.8 70.7 85.2 103.5 95.6 80.8 52.2 45.3 30.2 703.4
Isabella 26.5 25.9 41.1 58.4 79.7 99.3 103.5 95.6 89.8 63.2 50.2 32.2 768.1
Gunflint Lake 33.6 26.9 26.8 54.2 76.0 76.7 98.7 jz.l 132.2 56.5 58.8 34.3 744.1
Hoyt Lakes 24,5 22.8 32.5 50.9 81.0 93.7 106.8 95,3 87.3 62.5 38.0 27.2 724.0
Babbitt 23.4 20.0 29.2 48.7 73.0 98.1 103.8 97.9 94.9 61.7 46.8 28.2 '726.4
Winton 23.8 él.l 29.7 41.4 72.5 88,3 114,5 88,3 93.5 ©56.5 41.0 25.6 693.5
Tower 28.6 26.3 36.8 55.3 88.5 102.1 116.0 93.0 96.6 64.7 45.6 30.2 785.4
Virginia 23.4 17.3 30.} 43,8 75.2 101.9 97.5 91.2 85.6 57.2 35.8 24.4 689.8
Hibbing Airport 16.3 14.8 35,1 41.6 70.2 88.5 101.7 86.3 80.3 48.6 29.7 19.0 632.2
Hibbing 26.1 22.8 36.3 58.8 87.5 106.3 121.7 93.0 96.3 62.7 44.7 34,5 793.7
Celina Twp. 25.6 18.7 28.2 43.8 67.7 91.8 110.9 122.2 83.4 44.9 33.7 29.7 693.2
Crane Lake 22.9 21.8 26.6 50.6 72.5 93.7 130.3 92,1 92.6 50.9 38.6 26.9 714.9
International Falls 27.4 29.7 33.0 50.6 77.5 98.8 130.9 91.5 92.9 58.0 40.1 30.2 751.7




Table 6.2

Rainfall amounts in inches for various return periods and

durations.

Return period, years
T

. Duration [ 2 10 25 T 50
30 minutes 0.8-0.9 - 1.2-1.4 1.3-1.6 1.5-1.8
1 hour 0.9-1.2 1.5-1.8 1.7-2.0 1.9-2.2
6 hours 1.6-1.8 2.4-2.7 2.8-3.1 3.1-3.4
12 hours 2.0-2.2 2.9-3.2 3.3-3.8 3.6-4.1
‘24 hours 2.3-2.5 3.4-3.7 3.9-4.3 4.3-4.6




Table 6.3

Heaviest rainfalls observed for various time intervals
at International Falls, Minnesota

Time Interval ngg‘ Amount (mm) Rate (mm/min)
5 minutes 1953-1961 20.3 4.06
10 minutes " 26.2 2.62
15 minutes " 29.0 1.93
30 minutes " 34.0 1.13
1 hour 1946-1961 36.8 0.61
2 hours " 54.6 0.46
3 hours " 68.1 0.38
6 hours " 68.3 0.19
12 hours " 74.7 0.10
24 hours " 122.4 0.085

SOURCE: Maximum Recorded United States Rainfall, National Weather
Service, 1967.



TABLE 6.4

Past Record of Precipitation Events when Total Rainfall

Exceeded 70 mm.

DATE : PRECIPITATION, mm.
October 8, 1949 91.9
June 8, 1968 91.4
September 3, 1953 - 84.6
July 28, 1940 » 81.5
August 30, 1924 81.5
August 25, 1959 76.2
August 28, 1936 74.9
September 19, 1925 72.4

September 12, 1930 71.6




Long—-term average

% of annual
precipitation in
month

% of annual total
by end of month
from Jan 1

% of annual total
by end of month
from May 1

Wettest
Year
Driest

Year

Decade Average:
1921-1930
1931-1940
1941-1950
1951-1960
1961-1970
1971-1977
1921-1976

Table 6.5 Monthly Precipitation Statistics, Babbitt, Minnesota (1921-1976)

(Values in Millimeters)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR
23.4 20.0 29.2 48.7 73.0 98.1 103.8 97.9 94.9 61.7 46.8 28.2 726.4
3.2 2.8 4.0 6.7 10.0 13.5 14.3 13.5 13.1 8.5 6.4 3.9 -
3.2 6.0 10.0 16.7 26.7 40.2 54.5 68.0 81.1 89.6 96.1 100.0 -

86.4 89.2 93.3 100.0 10.0 23.5 37.8 51.3 64.4 72.9 79.3 83.2 -
72.1 49.3 66.8 109.5 149.1 278.9 185.7 212.9 214.4 181.6 83.1 65.0 954.3
1969 1939 1966 1968 1930 1944 1935 1928 1925 1971 1965 1968 1928
0 1.5 2.3 1.3 7.5 23.9 30.0 15.0 7.4 11.2 5.6 4.1 416.8
1947 1928 1959 1944 1976 1956 1964 1976 1948 1938 1921 1940 1923
14.0 14.2 22.9 34.8 58.2 97.5 107.7 88.6 119.4 37.8 30.2 21.3 646.7
21.3 17.0 24.4 43.9 82.8 102.6 86.4 95.3 77.5 51.3 41.9 21.1 665.7
21.8 12.7 23.1 51.3 83.1 137.2 98.3 113.8 86.1 53.3 30.2 20.1 730.8
20.8 18.0 26.2 52.1 76.2 97.3 107.2 107.7 80.8 43.9 42.9 23.9 697.0
22.1 14.2 29.7 66.8 80.3 113.5 85.3 86.1 100.6 67.6 38.9 31.2 736.1
23.1 17.8 32.8 33.3 58.2 105.7 89.9 93.0 72.1 83.8 37.8 22.6 674.9
20.9 15.9 26.1 48.0 74.1  109.2 96.2 97.7 90.6 54.3 36.9 23.4 693.3




Average

Wettest

Driest

Period Averages:
1894-1930
1931~-1952
1894-1960
1960-1976

Table 6.6 Monthly Precipitation Statistics, Virginia, Minnesota (1894-1976)

(Values in Millimeters)

JAN FEB MAR APR MAY JUN JUL AUG SEP 0CT NOV DEC YEAR
23.4 17.3 30.7 49.8 75.2  101.9 97.5 91.2 85.6 57.2 35.8 24,4 689.9
3.4 2.5 4.4 7.2 10.9 14.8 14.1 13.2 12.4 8.3 5.2 3.5 -
3.4 5.9 10.3 17.5 28.4 43.2 57.3 70.5 82.9 91.2 96.5 100.0 -

85.9 88.3 92.8 100.0 10.9 25.7 39.8 53.0 65.4 73.7 78.9 82.4 -
83.8 76.2 97.3 142.2 173.0 236.5 240.0 257.6 254.8 177.8 143.3 69.3 1087.9
1897 1897 1894 1896 1896 1944 1905 1900 1900 1970 1909 1903 1905
0.8 2.0 3.8 0.5 6.3 8.9 16.5 15.0 7.4 5.6 2.0 3.3 408.7
1957 1957 1900 1926 1917 1910 1939 1976 1948 1923 1916 1954 1976
21.3 19.1 29.5 43.2 75.9 103.4  105.4 92.2 96.3 57.9 31.2 25.4 700.8
25.1 18.3 34.8 54.4 68.3 98.3 86.9 98.0 73.1 53.8 43.7 24.1 678.9
22.6 18.3 30.7 47.8 74.9 99.8 101.1 94.0 87.6 54.6 37.3 24.4 693.2
26.2 12.7 30.7 57.4 76.2 110.5 83.1 80.0 77.5 67.6 29.7 24.4 671.6




Table 7.1. Freeze dates and duration of ice on Copper-Nickel
Study Region lakes.

FREEZETIME . DURATION
Ponds, Small Lakes November 5-April 20 166 days
Medium Lakes November 15-April 25 161 days

Large Lakes November 25-April 30 156 days




Table 7.2 Mean - monthly pan evaporation values for Hoyt Lakes.

MONTH PAN EVAPORATION (mm)
April 75
May 112
June 138
July 161
August 127
September 72
October - 40
Season 725




Table 7.3. Mean annual actual evaporation.considering
the  freezing of lake surfaces.

(Millimeters)
PAN EQUIVALENT LAKE EVAPORATION
Ponds, Small Lakes 677 474
Medium Lakes 669 468
Large Lakes - 662 463




Table 8.1. Average monthly and annual snowfall

(Millinmeters)
OCT NOV DEC JAN FEB MAR APR MAY YEAR
Virginia 23 255 276 283 215 260 122 12 1446
Babbitt 40 198 256 251 172 220 107 10 1254
Winton 63 168 252 283 215 228 91 10 1310
Isabella 47 251 315 370 226 256 229 20 1714
Hibbing 16 145 252 236 144 251 145 5 1194

Table 8.2. Record snowfall data from Babbitt area

NUMBER OF DAYS WITH

A FALL OVER 125 mm HEAVIEST FALL IN MONTH

MONTH 1921-1976 (in millimeters)
September 0 25
October 4 203
November 7 254
December 7 178
January 4 178

| February : 4 ’ 254
March | 13 406
April 8 ‘ 302
May 1 191

June ' 0 102




Table 9.1. Greatest recorded depth of snow on
ground (millimeters/year).

MONTH BABBITT WINTON
October 241/(1932) 127/(1919)
November 533/(1965) 508/ (1965)
December 635/(1965) 483/(1965)
January 1270/ (1969) 991/(1916)
February 1320/ (1969) 1016/ (1916)
March 914/(1971) 965/(1916)
April 762/(1971) 1737/(1971)
May 76/(1966) 51/(1966)
Table 9.2. TLeast recorded depth of snow on ground
(millimeters/year).
MONTH BABBITT WINTON
October 0 0
November 0 0
‘December 0 0
January 25/(1932) 76/ (1915)
February | 0 102/ (1917)
March 0 0
April 0 0
May 0 0




Appendix 1

Historical Weather Stations -- Northeast Minnesota

Site Parameter Period of Record Observer
Babbitt* s Feb. 1, 1920-Sep. 10,1951 Mesabi Iron Co.

TP Sep. 11, 1951 - Present Reserve Mining Co.
Brimson P Aug. 1, 1923 -Present MP&L
Crane Lake p Jdan. 1, 1926 -Sep. 30, 1927 W.G. Randolph

p Oct. 30, 1942 -June 3, 1947 U.S: Customs

p June 4, 1947 -Present DNR

T. Oct. 1, 1961 -Present DNR
Cotton TP Aug. 21, 1962 -Sep. 30, 1963 Reynold E. Syria

TP Jul. 2, 1964 -Nov. 30, 1967 Hugh Wilson

TP Jul. 26, 1968 -Jdan. 31, 1971 Bruno Lasko

TP Sep. 4, 1971 -Aug. 29, 1975 Henry Moberg

TP Sep. 1, 1975 -Present Roy Tarbell
Ely TP Mar. 1, 1911 -Oct. 31, 1913 W.H. Farrell and J.Wista
Grand Marais TP May 1, 1900 -Jduly 31, ]902 2 observers

TP May 13, 1913 -Dec. 22, 1913 3 observers

TP Aug. 13, 1914 -Apr. 30, 1915 2 observers

TP Aug. 23, 1915 -Aug. 31, 1915 C.G. Strikler

TP Aug. 21, 1916 -Jan. 31, 1921 J. Woods

TP Aug. 11, 1921 -Present Many observers

(Glenn Bergstrom,1978)

Hibbing P Dec. 1, 1923 -Present MP&L
Hibbing-Mahoning TP Dec. 1, 1920 -Apr. 30, 1962 Mahoning Ore & Steel Co.
Hibbing Airport * TP+ Nov. 1, 1962 -Present U.S.F.A.A.
Hoyt Lakes * TPE Mar. 1, 1958 -Present Erie Mining Co.



" Appendix I cént'd;

Dec.
Aug.
Feb:

Nov.

Nov.

Jan.

Apr.
Oct. 20, 1943 -June 10,1946

1, 1925
1, 1957
1, 1975

9, 1906
7, 1942

1, 1895

3, 1936

-June 30, 1928
~Present
-Present

-Mar. 31, 1914
-Present

-Present

-May 26, 1941

June 10, 1946 -Present

Sept. 1, 1910 -Present

Aug. 1, 1923 -Present

Nov.

1, 1913

-Mar. 31, 1920

May 10, 1940 -Present

Sophia Russka
U.S.F.S.
ELC Staff

Oliver Mining Co.
USFS

Many observers
A few breaks

USFS
A.H.Gillson

-. Mabel Larson

:01iver Mining Co.

MP&L

Several observers
Power plant

Often with snow, snow depth, and time of precipitation

occurrence, depending on discretion of observer.

IsabelTa P
Isabella FS TP
Isabella Elc * TP
Stephens Mine * TP
Tofte P
Tower* TP
Wales

Virginia * - TP
Whiteface Res. P
Winton * TP
T = Temperature, Max. and Min.
P = Precipitation, daily.
+ =

Evaporation

* Stations -considered to have better records

Complete hourly aviation weather observations
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- APPENDIX II

Elplanation‘of Wind Roses

The wind roses are plotted on polar coordinate paper where the radials are
direction frqm which the wind blows and the concentric circles are percent
frequency of wind.occurrence on each of 36 radials. On the month]y'and
annual wind roses envelopes are drawn for 1% meter per second (wipd speed)
intervals, while on the 10-day wind.roses, only the total frequené& of

occurrence envelope is drawn.

To make the annual and monthly roses, points were platted along each rédial
corresponding to the observed percent of time that the wind came from the
corresponding direction for velocity intervals of 1.5 meters per second.

The distance fronrthe data point to the origin represents the 5ercent of
~time that a wind from a certain direction blows at a given speed or less.
The distance between the points along the radial is the percent of time that
the wind blows from the indicated direction in the speed category defined

by the speeds represented by the two points.

Except for speeds of 1.5 metérs‘per second, lines were drawn connecting
points representing equal speeds at 1.5 meters per second speed intervals
around the 360 degree arc. The data points are obscured by the lines
drawn over them. The first solid 1ine from origin represents 3 meters per
second; the first dashed 1ine 4.5 meters per second; the second solid Tine
6 meters per second; the Tone hash line 7.5 meters per second; the third
solid line 9 meters per second; the second dashed Tine 10.5 meters per
second; the fourth solid line 12 meters per second, etc. In most cases,

winds over 10.5 meters per second are so rare that the lines may seem to merge.
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APPENDIX IIT

’ Temperature and Precipitation Data for Babbitt

The data in this appendix were compiled from the original Babbitt records
by Ms. Susan Richter under contract to the author. The data were computer
analyzed by Dr. Donald Baker and Mr. John Enz of the Soils Science
Department of the University of Minnesota, whose cooperation is gratefully

acknowledged.

Temperature values.are in degrees Fahrenheit, and precipitation values

are in inches.

In the computer analysis no correction was made for mean temperature and

mean maximum-minimum temperature error due to observing time. The correction
values for mean maximum temperature for each month appear at the top of the
monthly columns on pages 1 and 2 of the appendix. These correction va1ue$
were derived from a model devised by the author. In the model, no observing
time corréction is applied to the minimum temperature. The correction to

the average daily, weekly, or monthly temperature is equal to one-half the
correction value for mean maximum temperature. In all cases for Babbitt,

the correction value is to be subtracted.





